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relieving symptoms of osteoarthritis (OA). Semen sojae germinatum (SSG)
processed from bean-sprout coming from germinating Glycine max L. Merr. is
a traditional Chinese herbal medicine treating knee OA. We evaluated the
effect of SSG as feed on the development of anterior cruciate ligament
transaction (ACLT) -induced knee OA in rabbits. The results showed that SSG
reduced the severity of cartilage degeneration in macroscopic grading scale,
and delayed the degradation of the cartilage matrix. The contents of
prostaglandin E» (PGEy), nitric oxide (NO), tumor necrosis factor (TNF)-a,
interleukin-6 (IL-6) and IL-1 in synovial fluid, mRNA and protein
expressions of matrix metalloproteinases (MMP)-3, MMP-13 in cartilage were
effectively decreased in SSG group. These results demonstrate that SSG had a

Pharmacol. 2013; 8: 365-70.

protective effect against the development of knee OA.

Introduction

Osteoarthritis (OA) characterized by progressive
degeneration of the articular cartilage and accompanied
by subchondral bone sclerosis and synovial inflamma-
tion is a degenerative joint disease afflicting an increa-
singly older population (Felson et al., 2000). Appro-
ximately 10% of adults aged 60 years or older suffer
from OA of the knee (Scott and Kowalczyk, 2008).
There is still no curative treatment for this disease
despite availability of a large number of therapeutic
options including nonpharmacological, pharmaco-
logical, and surgical therapies. Drug therapy includes
non-opioid analgesics such as non-steroidal anti-
inflammatory drugs (NSAIDs), topical analgesics, opi-
oid analgesics and intra-articular steroid injection. Such
treatments can only relieve some symptoms of OA, and
may prove ineffective in some patients (Tramer et al.,
2000). The most common therapy for treating OA is
NSAIDs, but their use may be restricted by adverse
gastrointestinal effects including serious occurrences of

bleeding causing many deaths (Felson et al.,, 2000).
Hence, there appears to be a need for drugs with good
efficacy and low toxicity in the treatment of OA.

Chinese medicine, such as herbal medicinal products,
has been proved to be effective in the treatment of OA
through slowing down cartilage degeneration, promo-
ting articular cartilage repair and inhibiting synovial
inflammation (Wang et al., 2010a). Importantly, no
serious side effects were reported with any herbal
intervention (Cameron et al, 2009). In traditional
Chinese medicine, the condition which is congruent
with OA is called "Bi syndrome" (painful obstruction
syndrome), and more specifically, “Bi syndrome of
bone”. “Bi syndrome” manifests as pain, soreness, or
numbness of muscles, tendons and joints, and is the
result of the body being "invaded" by the external
climatological factors of Wind, Cold, Heat, and/or
Dampness (Hua and O’Brien, 2010). Semen sojae
germinatum (SSG) is one of Chinese folk recipes
treating “Bi syndrome of bone” recorded by '"Shen
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Nong's Herbal Classic" and “Compendium of Materia
Medica”. Indeed, SSG is processed bean sprout coming
from germinating Chinese black soybean (Glycine
max L. Merr.) variety, and has been included in Edition
2010 Pharmacopoeia of People's Republic of China as a
new kind. Although SSG has been widely used in
traditional Chinese medicine clinical practices based on
the ancient Chinese perception and experience,
nowadays, study on the modern pharmacological
effects of SSG is still rare.

In this study, we attempted to determine whether SSG
has the protective effect on articular cartilage in a rabbit
knee OA model induced by anterior cruciate ligament
transaction (ACLT), and study its mechanism.

Materials and Methods
SSG preparation

SSG was prepared referring to Edition 2010 Pharma-
copoeia of People's Republic of China. Chinese black
soybeans (Glycine max L. Merr.) were sprouted. When
the sprouts are 1 cm high, spread them out, let wind
blow them to a half dry, then dry them in the sun to
prepare SSG. Subsequently, Lophatherum gracile and
Juncus effusus (Lophatherum gracile 2 kg, Juncus
effusus 1 kg /SSG 100 kg ) were put in the pot, and
decocted twice (first time 60 min, second time 30 min).
Then the decoction solution was mixed and filtrated.
The filtrate and SSG were both put in a pot, then
cooked until the filtrate was all absorbed by SSG. The
total amount of daidzin (C21H200s) and genistein
(C21H20010) accounted for no less than 0.08% (w/w) of
the dry material using HPLC method as described in
Edition 2010 Pharmacopoeia of People's Republic of
China. Finally, the prepared SSG was dried and
smashed to make the standard granulated feed.

Animal and experimental arthritis

New Zealand white rabbits (2.0-2.5 kg) were obtained
from the Laboratory Animal Center of Wuhan
University (Wuhan, Hubei, China). Animal care and
treatment were in accordance with the guidelines of the
Laboratory Animal Management and Review
Committee of Wuhan University of science and

technology. Rabbits were randomly divided into 3
groups of 5 rabbits each: sham operated group, the OA
model control group and SSG group. Rabbits in SSG
group were fed with the diet made of prepared SSG,
while rabbits in sham operated group and the OA
model control group were fed with normal diet. The
basis of the food which was used to prepare the SSG
containing food was the same as the food given to the
control animals

After the animals were fed with the corresponding diet
for 4 weeks, OA was induced by ACLT and excisions of
medial menisci in the right knees (Yoshioka et al., 1996)
on the rabbits of OA model control group and SSG
group. The sham operated group only had the right
joint cavity opened and then the incision was sutured.
The corresponding diet was given unceasingly.

Gross pathology observation and histological evalua-
tion

After 8 weeks, the rabbits were sacrificed and femoral
condyles were collected for observation. The depth of
erosion was graded on a scale of 0-4 (Pelletier et al,,
1998). All samples were graded by three independent
observers unaware of the treatment groups. The carti-
lage samples were embedded in paraffin, and standard
frontal sections of 5 pm sections were prepared and
stained with toluidine blue in the lateral part of the
femoral condyle cartilage according to gross observa-
tion (Cake et al., 2000).

Prostaglandin (PG)E2, nitric oxide (no), tumor necrosis
factor (tnf)-a, interleukin (il)-6 and il-1Bin synovial
fluid

After the rabbits were sacrificed, knees were washed
with 1 mL of 0.9% (w/v) physiological saline solution
through the patellar tendon. The contents of PGE, and
NO in synovial fluid were measured by the correspond-
ding kits (Chinese Academy of Medical Sciences,
Beijing, and Jiancheng Co., Nanjing, China, respec-
tively). Concentrations of TNF-a, IL-6 and IL-1Bin
synovial fluid were measured using ELISA Kkits
(Jiancheng Co., Nanjing, China).

mRNA and protein expression of matrix
metalloproteinases (inmp)-3 and mmp-13 in cartilage

The expression levels of MMP-3 and MMP-13 mRNA in

Table I

Primer sequences used in the study

Gene Length Sequence of primers

MMP-3 72 bp Sense 5'-AGCCAATGGAAATGAAAACTCTTC-3'
Antisense 5'-CCAGTGGATAGGCTGAGCAAA-3'

MMP-13 60 bp Sense 5'- TTT TGA AGA CAC GGG CAAG -¥
Antisense 5'- TCA TCA TAG CTC CAG ACT TGG TT -3’

GAPDH 66 bp Sense 5'- AGC CAC ATC GCT CAG ACA -3’

Antisense 5- GCC CAA TAC GAC CAA ATCC-¥




Wiy

N4

Bangladesh ] Pharmacol 2013; 8: 365-370 367

A Sham operated group

p<0.01

OA model control group SSG group
. T

p<0.01

group

Sham operated ~ OA model control SSG
group group

Figure 1. Gross pathological observation of the femoral condyle. A: Representative images of the femoral condyle from rabbits in
sham operated, OA model control and SSG groups; B: Macroscopic grading scale of cartilage.

cartilage were detected by quantitative real-time PCR
using TagMan probes 59-fluorescent labeled with either
FAM or VIC in a thermal cycler (ABI PRISM 7500
Sequence Detector System, Applied Biosystems, Foster
City, CA, USA), employing glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene as a
reference gene. The sequences of each primer set
(Invitrogen, Carlsbad, CA) used are given in Table I.

The protein expression levels of MMP-3 and MMP-13
were detected by Western blot. Proteins in cartilage
were separated by SDS-PAGE and proteins were trans-
ferred onto a polyvinylidene difluoride membrane by
electroblotting. Membrane was blocked overnight and
then incubated for 2 hours with a 1:1000 dilution of goat
polyclonal MMP-3 or rabbit polyclonal MMP-13
antibody (Santa Cruz, CA). After incubation with the
secondary antibody, proteins were detected with an
ECL chemiluminescence detection kit (Advansta, USA.)
and scanned. The amount of protein expression was
corrected by the amount of GAPDH in the same
sample.

Data analysis

Comparisons between groups were per-formed with
one-way ANOVA analysis using SPSS 11.5 software.
The data were reported as means + standard deviation
(SD). Statistical significance was defined by the value of
p<0.05.

Results

Knee articular cartilage of rabbits in sham operated
group is smooth and lustrous. In the OA model control
group, the articular cartilage surface was rough and
had some superficial leakage and ulcers. In SSG group,
cartilage lesions associated with OA were clearly seen,
but the severity was milder than in OA group (Figure 1
A). Macroscopic grades in SSG group were significantly
lower than those in the OA model control group (p<
0.05) as seen in Figure 1B, suggesting SSG can reduce
the severity of the cartilage degeneration in macros-
copic grading scale.

Articular cartilage consists of chondrocytes sparsely
embedded within an abundant extracellular matrix
which is composed essentially of water, proteoglycans,
collagens and non-collagenous proteins (Cake et al,
2000). And cartilage proteoglycan loss is believed as one
of the hallmarks of OA, because proteoglycans have the
properties of resisting compression and generating the
swelling pressure due to their affinity for water
(Echtermeyer et al., 2009). Toluidine blue staining for
proteoglycans (Getzy et al.,, 1982) showed a distinct
reduction of these compounds in the cartilage matrix of
OA rabbits. In SSG group, the matrix degradation was
less evident than OA group (Figure 2).

Pro-inflammatory mediators alter matrix homeostasis
and participate in the destruction of articular cartilage,
thereby contributing to OA. It has been shown that OA



N4

368 Bangladesh ] Pharmacol 2013; 8: 365-370

Figure 2. Histologic examination of cartilage change in rabbits of sham operated (A), OA model control (B) and SSG (C) groups.
Cartilages were stained with toluidine blue. (original magnification x 100)

Table II

Concentration of PGE2, NO, TNF-a, IL-6 and IL-1fin synovial fluids from knees of rabbit OA

Group PGE2/ng/mL NO/pumol/L TNF-a/ ng/mL IL-1B/pg/mL IL-6/pg/mL
Sham operated 22+04 29.8+82 0.002£0.0 85+0.9 0.1+ 0.03
OA model control 31+0.3a 151.1 £21.2a 151 +3.12 322.2+84.52 219.7 £45.52
SSG 2.7+ 040 122.6 +26.2v 11.7 £ 2.6° 198.2 £ 74.5¢ 158.2 £ 51.2v

Data are mean + SD; n = 5; 2p<0.01, vs Sham operated group; ?p<0.05, ¢p<0.05 vs OA model control group

cartilage spontaneously releases PGE2 at 50-fold higher
levels than in normal cartilage (Wang et al,
2010b). Also, NO has been identified as another agent in
OA. NO is produced in large amounts by chondrocytes

upon pro-inflammatory cytokine stimulation, and
correlates with the pathophysiological changes in
chondrocytes (Schwager et al., 2011). In addition, pro-
inflammatory cytokines IL-1P, IL-6 and TNF-a have
been suggested as key players in OA pathogenesis, and
they are of an important role for development of
synovitis and destruction of cartilage matrix (Bondeson
et al., 2006; Goekoop et al., 2010).

The levels of PGE2, NO, TNF-a, IL-6 and IL-1f in
synovial fluids were markedly higher in OA group than
in sham operated group (p<0.01). In SSG group, the
PGE2 , NO, TNF-qa, IL-6 and IL-1pPsecretion reduced
13.9, 18.9, 22.7, 38.5 and 28.0% respectively com-pared

to the OA group (p<0.05; p<0.01) (Table II), suggesting
SSG inhibited the synovial inflammation.

Increased MMP expression can be detected in the early
stages of OA (Pelletier et al., 1990). MMP-3 can degrade
the proteoglycan of cartilage (Yamanaka et al., 2000),
while MMP-13 is known to degrade collagens and
glycosaminoglycans (Roberts et al., 2000). As seen in
Figure 3, SSG showed the beneficial effect on MMP-13
and MMP-3 mRNA and protein expression in cartilage
which are related to cartilage matrix degradation
(p<0.05).

Discussion

Alternative and complementary therapeutic appro-
aches, such as the use of a wide array of herbal and
nutritional manipulations, are becoming popular for
relieving symptoms of OA (Pirotta, 2010). Notably,
some components of soy have great potential in OA
control. It has been demonstrated (Arjmandi et al.,
2004) that 40 g of supplemental soy protein daily for 3
months improved OA-associated symptoms, such as
range of motion and several factors associated with
pain and quality of life, in comparison to same dosage
of milk-based protein. Furthermore, biochemical mar-
kers of cartilage metabolism further supported the
efficacy of soy protein supplementation in relieving
symptoms of OA as indicated by a significant increase
in serum level of insulin-like growth factor-1, a growth
factor associated with cartilage synthesis, and a signifi-
cant decrease in serum level of glycoprotein 39, a
marker of cartilage degradation (Arjmandi et al., 2004).
Besides, avocado/soybean unsaponifiables (ASU), a
new antiarthritic agent derived from unsaponifiable
residues of avocado and soybean oils mixed in the ratio
of 1:2 respectively, has also been recommended for treat
-ing OA with published basic and clinical trials in
animals and humans (Maheu et al., 1998; Appelboom et
al., 2001; Kut-Lasserre et al., 2001; Henrotin et al., 2003),
thus considered a symptomatic disease-modifying osteo
-arthritic compound (Lippiello et al., 2008). Meta-
analysis data support better chances of success
in patients with knee OA than in those with hip OA
(Christensen et al., 2008). Therefore, components of soy
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Figure 3: The mRNA and protein expression levels of MMP-3 and MMP-13 were determined by RT-PCR (A) and western blot (B)

respectively

##p<0.01, vs Sham operated group; *p<0.05, vs OA model control group

seem to be the feasible alternative to the control of OA.

Similar to the soy protein and ASU, SSG, a traditional
Chinese medicine for “bi syndrome of bone” and “knee
pain”, also comes from the soy. SSG has been used for
the treatment of joint pain and arthritis by Chinese
medical doctor for over 2000 years. From the unique
perspective of Chinese medicine, SSG has the effects of
relieving exterior syndrome, activating blood circulation,
detumescence and dehumidify. These effects, interpreted
as analgesia, anti-inflammatory, promoting microcircu-
lation and reducing swelling respectively in modern
pharmacology, are all helpful for OA control. This
study has shown that SSG as the feed material reduced
the severity of the cartilage degeneration and delayed
the degradation of cartilage matrix on rabbit knee OA
model, indicating that SSG has a protective activity for
OA.

Many researches have demonstrated that enzymatic
cleavage by MMPs together with pro-inflammatory
cytokines plays critical roles in the initiation and
progression of cartilage destruction (Ju et al., 2010). The
results of this study demonstrated that the contents of
PGE2, NO, TNF-a, IL-6 and IL-1B in synovia and
expressions of MMP-3, MMP-13 in cartilage were
elevated in OA model group, whereas the elevation of
PGE2, NO, TNF-q, IL-6, IL-13, MMP-3 and MMP-13
levels were significantly suppressed in SSG groups.
Interestingly, these effects are similar to the anti-
osteoarthritic mechanism of ASU (Maheu et al., 1998;
Appelboom et al., 2001; Kut-Lasserre et al., 2001;

Henrotin et al., 2003).

In addition, SSG is widely used in Chinese medicine,
and also a kind of processed food - bean sprout, so its
excellent safety record is reassuring. In the present
study, no observable adverse effect of SSG as the feed
material was seen during and after the 12-week feeding.
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